Thirteen Fischer strain rats were divided randomly into 3 groups soon after became pregnant and fed a 10%, 18%, or 36% casein diet throughout pregnancy and lactation. At weaning, female pups from the dams were divided into 3 further groups which were fed throughout life 10%, 18%, or 36% casein diet. The animals were weighed regularly and given a full autopsy after death. DNA was determined in the cerebrum and cerebellum of progeny at 7, 15 and 50 weeks of age respectively. The level of protein intake of the dams did not affect the litter-size, but did affect the body weight of pups at weaning. When fed a high protein diet after weaning, pups from dams fed a low protein diet weighed less throughout life than those from dams fed a high protein diet. A similar effect of protein intake was observed on the tail length. Pups of dams fed a low protein diet ate a larger amount of diet per unit body weight after weaning than those of dams fed at a high level of protein. Pups at 7, 15, and 50 weeks of age respectively from dams fed 10% casein diet had a lighter cerebrum and cerebellum than pups of the same ages from dams fed respectively 18% and 36% casein diet. They also had less total DNA in the cerebrum and cerebellum than the latter. At the ages of 1 and 2 years respectively, the survival rates of rats fed the same diet as their mothers tended to be greater than those of rats fed diet different from that of their mothers. They also tended to live longer than the latter: 4 of 60 rats lived for over 1,000 days, and 3 of these were fed the same diet as that of their mothers. Lesions observed at death did not differ in different groups. However, the incidence of lesions of the kidney and the number of tumors seemed to be greater in groups fed a high protein diet.
It is now generally accepted that nutrition affects the growth and lifespan of animals, and that the nutrition of mother rats during reproduction has an important influence on the physical and metabolic development of the offspring . However, few reports have been made on the effects of protein nutrition of dams throughout pregnancy and lactation on the growth, morbidity and life span of their pups. Cohen (1) suggested that nutritional regimens of rats used in studies on aging must start at weaning and be continued throughout life . Lee and Chow (2) and Hsueh et al. (3) concluded that there is a period in the early life of rats when permanent changes in the metabolic pattern can be induced by inadequate nutrition , they thought that this period of sensitivity probably includes at least parts of the periods of gestation and lactation, and that damage may occur during either or both these stages. In previous papers (4, 5) , we demonstrated effects of protein nutrition after weaning on the growth and life span of rats. In the present work , we studied the effects of protein nutrition of dams throughout pregnancy and lactation on the growth, morbidity and life span of their offspring after weaning.
EXPERIMENTAL
Thirteen female Fischer strain rats (Charles River , Japan) were placed in individual cages soon after they were found to be pregnant from the appearance of vaginal plugs. They were randomly divided into 3 groups and fed a 10% , 18%, or 36% casein diet ad libitum throughout pregnancy and lactation (Table 1) . At weaning (4 weeks after birth), female pups from the dams were divided into 3 further groups to be fed throughout life a 10%, 18% , or 36% casein diet (Table 2) . Semipair-feeding was carried out: individual food intakes were measured (except 
RESULTS
The effects of the level of protein intake throughout pregnancy and lactation on litter-size and body weight of pups are shown in Table 3 . No death with including cannibalism of pups occurred before weaning. The level of protein intake of the dams did not affect the litter-size, but clearly influenced the body weight of pups at weaning. Kennedy and Mitra (9) reported that the average weight of optimally fed young at weaning was over 40g, while that of malnourished pups was 15-25g. We also found that pups from dams maintained on a low protein (10% casein) diet throughout pregnancy and lactation weighed much less than those of dams fed higher protein diets. However, there was no difference in the body weights of pups from dams fed either 18% or 36% casein diets. After weaning, among pups fed the same diet as their mothers, growth in body weight of rats fed a l0% casein diet was less than that of the littermates fed on higher protein diets, especially 8 to 15 weeks after birth. However, later this difference became progressively less, as shown in previous reports (4, 5) . When the offspring of dams fed a low protein diet were given a high protein diet, they weighed less throughout life than the offspring of dams fed a high protein diet that had been given a low protein diet after weaning (Fig. 1) . The level of protein had similar effects on tail length: even when pups of dams on a high protein diet were given a low protein diet after weaning , they tended to have longer tails 1 year after birth (Table 4) . After weaning, pups of dams on a low protein diet ate more food per gram body weight than did pups of dams on a OF PUPS 547 Table 5 . Daily intakes of experimental diets by pups after weaning (mg/g of body weight). high protein diet (Table 5 ). Pups given a high level of protein after weaning excreted more total urinary nitrogen than any others (faecal nitrogen was constant) , irrespective of the diet of their mothers. Pups on 36% casein diet maintained a negative nitrogen balance , even without consideration of obligatory nitrogen loss (Table 6 ) . Proteinuria occurs more frequently in rats that are given a high protein diet after weaning . The protein intake of the dams had no effect on proteinuria of the offspring (Table 6 ) .
At 7, 15 and 50 weeks after birth respectively, the cerebrum and cerebellum of pups from dams fed 10% casein diet weighed less than those of pups from dams fed l8% or 36% casein diet. According to Zamenhof et al . (10) , there is no sex difference in the size of the brain of rats: the cerebella of male and female rats are of the same weight at weaning and maturity and contain the same number of cells . Thus, we used both male and female rats. There was no difference in the brain weights of pups of dams respectively on 18% and 36% casein diets . Similar results were obtained with the total DNA in the cerebrum and cerebellum (Figs . 2-a and b) . The level of protein intake during pregnancy and lactation did not affect the total DNA content of the brain of dams.
The survival rates 1 and 2 years after the birth of rats fed the same diet as their (b) Numbers in parentheses are numbers of rats in each group, I<V, etc., indicates that the difference is statistically significant (p<0 .05). mothers tended to be higher than those of pups fed diets different from those of their mothers (Table 7) . Many rats fed the 10% casein diet died within one year, especially offspring of dams on the 36% casein diet. Much protein is required when growth is rapid; however, the protein in the 10% casein diet is probably insufficient during this period and so many rats died. The effects of the protein intake of the dams during pregnancy and lactation and of their pups after weaning on the life span of the pups are shown in Table 8 . Pups transferred from a 36% to a 10% casein diet after weaning had the shortest life span (p<0.05). Pups fed the same diet as their mothers tended to have a longer life span, though not significantly, than those fed diets different from those of their dams: 4 of 60 rats lived for over 1,000 days, and 3 of those were fed on the same diet as their mothers. The most striking observations at autopsy are summarized in Table 9 . DISCUSSION Naismith (11) and Naismith and Morgan (12) reported that litter-size is not affected by diet during pregnancy, but that the weight of individual foetus is clearly related to protein intake. In our experiment, the level of protein intake of the dams (10 to 36%) significantly affected the body weight of pups, but not the litter-size at weaning. According to Zartarian et al. (13), 7.5% casein diet did not affect fetal weight gain, but 6% protein diet slightly reduced the birth weight. Blackwell et al. (14) reported permanent stunting of growth due to maternal dietary restriction during pregnancy only. McCance and Widdowson (15) found that the effect of different intakes of food during suckling persisted throughout life. Roeder and Chow (16) and Hsueh et al. (17) were unable to show a decrease in food efficiency in rats by dietary restriction during suckling alone and concluded that the combined effects of restriction during gestation and lactation were required to change food . KAJIMOTO Table 9 . Effects of protein intake of dams during pregnancy (18) also reported that the effect of prenatal protein deprivation on body weight was negligible throughout the experimental period (42 weeks after birth), but that protein deficiency during the nursing period had a profound effect on body weight, and that any potential growth-retarding effect of prenatal protein deprivation was overcome by provision of an adequate diet during the nursing period. Lee and Chow (2) concluded that the relative importance of these two periods had not been firmly established, but that similar and only slightly less-marked effects were obtained by protein restriction during pregnancy alone. These results indicate that the fetus is resistant to maternal protein deficiency provided this deficiency is not extreme. According to Zeman et al. (19) , the body weights of the young of dams fed a low protein diet were significantly lower, throughout life, than those of dams fed a high protein diet. Celedon et al. (20) reported that undernourished rats reared from birth to 21 days in litters of 18 pups per dam weighed 52% as much as the control rats in litters of 6 per dam at weaning, and that at 14 weeks of age they still weighed less than the latter. According to Goldstein et al. (18) , pups nursed by protein deprived dams weighed significantly less than pups nursed by controls, and this deficit in body weight persisted until 42 days, even with an adequate diet after weaning. Chow and Lee (21) also found that dietary restriction with female rats during pregnancy and lactation produced permanent growth-stunting of their offspring even though an unlimited amount of complete diet was supplied after weaning. Previously (4, 5), we reported that the increases in tail length and body weight of rats fed a low protein diet were less than those of rats fed higher protein diets, especially 8 to 10 weeks after birth, but that these differences became insignificant by the end of the growth period. In the present experiment, even when an adequate amount of protein was supplied after weaning, the reduced body weight persisted permanently. Similarly, the tail length remained reduced 1 year after birth. On the other hand, stunted rats showed less efficient feed utilization and their average food consumption per unit body weight was rather greater than that of normal rats of equal age (16) . When compared with younger normal animals of equal body weight, stunted animals were found to consume more food per unit body weight (17) . Protein deficiency during pregnancy and lactation may reduce the output of milk, resulting in starvation during suckling and also, the pups may not have sufficient vigor at birth to obtain adequate nourishment by suckling (18) . A 7% wheat protein diet fed during pregnancy and lactation severely affected the quantity of milk produced, but not the concentration of protein n the milk (22) . Pups of mothers on 7% wheat protein diet showed 100% mortality (22) . Recently, Rosso et al. (23) found that 50% restriction of the normal food intake of rats during pregnancy resulted in a marked reduction in the weight of their mammary glands, with significant reductions in the DNA, RNA, and protein contents of the glands. Pyska and Styczniski (24) also reported that the mammary glands of rats fed a 10 protein diet during pregnancy and lactation contained reduced quantities of DNA and RNA. The rate of survival after 1 and 2 years of rats fed different diets from their mothers tended to be lower than those of rats fed the same diets as their mothers; especially, many of the rats transferred from 36% to 10% casein diet after weaning died before they were a year old. Recently Pond and Wu (25) reported that protein nutrition (5% or 8% protein) during gestation did not affect the longevity of rats. However, we found that a sudden change of regimen after weaning tended to affect longevity: administration of the same level of protein throughout life was associated with slightly better survival. The diet of the mothers during pregnancy and lactation may imprint a lifelong metabolic pattern on their offspring, and a sudden change of regimen after weaning may induce derangement of this metabolic pattern.
The lesions observed at death did not differ in different groups. However, the incidence of lesions of the kidney and the number of tumors seemed to be greater in groups fed a high protein diet, as in our previous study (4) . Pups of dams fed a 36% casein diet, even when given a low protein diet after weaning, tended to show a high incidence of tumors.
